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(0 < a < 1)???????????????????
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Yi+1 = aYi + i; (4)
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2 ? 1? ??

























?? ?? ???? ???? ????
??????? ???? 29.8 14.7 0.49
????? ???? 30.9 18.6 0.60
????? ???? 28.8 16.6 0.58
???? ???? 25.6 14.0 0.55
?? ????? 170.1 151.8 0.89
?? ???? 55.5 65.6 1.18
????? ???? 30.2 15.1 0.50
?????????????????????????????????????????









































































? 1.3: ????????????????????????????????? 10???
[7]??????????
????????????














?????????????????? F ????? R?????????????
???????????????????????????????????? 1???








????????????????????G. Bernard Shaw, \An Intelligent Woman's
Guide to Socialism", H. G. Wells, \The Work, Wealth and Happiness of Mankind", G.
K. Chesterton, \A Short History of England, 1917"?????? [11]?????
1.2. ???????????? 7
? 1.5: ????????????????????????? Brown Corpus????
????????? L??????????????????????????? fexp =
1:1  L1  0:90L??????????????? [12]?????
? 1.6: ??????????????J. Joyce??\Ulysses"?????265,272?????
30,101???????R??????F????????????? 1??????????
??????????????Zipf??????????????????11  R  4400??
?? [13]?????
8 ? 1? ??
? 1.7: ??????????????????????????????????????
??the random walk model???????????l????????F2(l)??????
?? \a,b,c,   , x,y,z"???? \,"? \."???? \("? \)"????? \]"????? \t "
? 32????????? 32??????????????0,1??????????????
\a"?????????\Call me Ishmael..."? \010000000000100..."???????0,1?
?????????\1"? 1?????\0"??????????????????????
32?????????????? l????????? k??? y(k; l)?????? k?
???????? F2(k; l) = hy2(k; l)i   (hy(k; l)i)2???? h i???????????
??????????? F2(k; l)? 32???????????F2(l) =
P32
k=1 F2(k; l) / l
??????????????????????? 1? = 1:67???????????













































??????????????????co-occurrence network?[25, 26, 27, 28, 29]?







? 1.9: Semantic network??????????????????????????????
?????????????????????? \nature"????????? \universe"?



















? 1.10: Co-occurrence network???Orwell? \1984"???????????????



















12 ? 1? ??
? 1.2: ???? syntax dependency network????N ???????hki??????
C ?????????D?????????in????????????out????
??????????? random?????????????Erdos-Renyi ??????




??? ???? ???? ??????
N 1,604,351 33,336 6,789 5,563
hki 6.2 13.4 4.6 5.1
C 0.02 0.1 0.02 0.09
Crandom 4 10 6 4 10 4 6 10 4 9:2 10 4
D 4.3 3.5 3.8 3.4
Drandom 7.8 4 5.7 5.2
in 2:138 0:003 1:99 0:01 2:37 0:02 2:20 0:01
out 2:022 0:001 1:98 0:01 2:09 0:01 2:20 0:01
? 1.11?? 1.15???????????????????????????Wikipedia

























































? 1.12: ???Wikipedia???????????????????? 8,800??????
??????????????????aLN = 0:7120:001; LN = 4:59150:0008; 2LN =
0:2376 0:0008??













? 1.13: ???Wikipedia???????????????????? 8,800??????






























































? 1.16: ????????????????????????? 49????? 1,087??

























































? 2.1: \Mary read the book."?????
 ??????Noun Phrase??????Verb Phrase??
 ????Verb Phrase??????Verb??????Noun Phrase??
 ????Noun Phrase??????Determiner?????Noun??
???????????????
 = ; (2.1)








?1893-1954??????????\Sentence structure holds challenges."????????







20 ? 2? ?????????????????????
????????????????????????????????????
??????? ?????????????















































??40,000??? ebooks????URL: http://www.gutenberg.org/wiki/Main Page
2???????????????????????????????????????URL:
http://www.aozora.gr.jp/
22 ? 2? ?????????????????????
?????????????????????????????????????????
????????????????????????? British National Corpus (BNC)3
???????????? 1??????????????90%??????10%????
??????????????????????????????????KOTONOHA
































9Tree Tagger. URL: http://www.ims.uni-stuttgart.de/projekte/corplex/TreeTagger/
10KNP. URL: http://nlp.ist.i.kyoto-u.ac.jp/index.php?KNP
11CaboCha. URL: http://code.google.com/p/cabocha/
12Apple Pie Parser. URL: http://nlp.cs.nyu.edu/app/
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(b) XML???
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26 ? 2? ?????????????????????
?????????????????????????
???????????????????
?? ??? ??? ???????? ? ??? ??? ?
?? ??? ??????????? ? ? ? ?
???????????????????
??? ??? ?????????? ?? ???? ???? ?
?? ??? ??????????? ? ? ? ?
???????????????????
??? ??? ???? ?? ????? ?? ??? ??? ????????
?? ??? ??????????? ? ? ? ?
???????????????????
??? ??? ???? ?? ????? ?? ??? ??? ????????
?? ??? ??? ???????? ? ? ? ?
???????????????????
??? ??? ?????? ????? ????? ?? ?? ?? ?
?? ??? ???????????? ? ? ? ?
??? ??? ??????? ?? ??? ?? ?? ?? ?
???????????????????
?? ??? ?????????? ? ?? ?? ?
?? ??? ??? ???????? ? ? ? ?
???????????????????
?? ??? ?????????? ? ?? ?? ?
?? ??? ?????????? ? ?? ?? ?
?? ??? ??? ???????? ? ? ? ?
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??? ??? ?????? ????? ??? ?? ??? ??? ?
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???????????????????? p????????? 1  p???????
????????????????????????????????????????
????????????????????x????????? l??????????
???????? P (l = x) = px(1  p)????l = 0?????
28 ? 3? ??????????????????








fNB(L = x) =

























































































































???? ????*? ?? ???????
???? ???*? ??? ???????????
???? ??? ?? ??????
??????
??????
???? ???? ??? ????????
???? ????? ?? ???????
???? ??? ?? ??????
???????
???????
???? ??????? ?? ???????
????? ???? ???? ???? ??
????? ??? ?? ???????
????? ??? ?? ?????








































































? 3.5: ??????????????BCCWJ???????????? (?? ID:256908)?
???? (?? ID:258099)????? (?? ID:259670)????? (?? ID:263664)??


















? 3.6: ??????????????BCCWJ ????????????? (??
ID:47302)??????? (?? ID:55252)??????? (?? ID:70104)??????
(?? ID:118680)??????????8,007??? ID:47302??3,886??? ID:55252??
12,159??? ID:70104??3,467??? ID:118680??
3.5. ?????????? 35
? 3.1: ???????? SEF???????????????????????
(a) c???
????????? 1?? 2?? 3?? 4??
2 0:86 0:06 0:95 0:05
3 0:8 0:1 0:72 0:03 0:64 0:06
4 0:8 0:1 0:75 0:06 0:62 0:04 0:6 0:1
(b) x0 ???
????????? 1?? 2?? 3?? 4??
2 2:8 0:3 3:7 0:3
3 2:8 0:5 1:34 0:10 0:9 0:3
4 2:7 0:6 1:5 0:3 0:7 0:1 0:8 0:4
? 3.2: ??????????????
????????? 1?? 2?? 3?? 4??
2 3.9 3.9
3 3.6 3.1 2.7
4 3.2 3.1 2.8 2.1














 ?????????? 2??? 4????
 ?????????????? 1?? 10?

























? 3.7: ?????????????????????? 2?????? 1???????
















































































? 3.9: ?????????????????????? 4??????????????
1???????????2???????????3?????????????? 4?
?????????????? 3.1?????? SEF?
38 ? 3? ??????????????????
? 3.3: ????????????????????? 1?? 10????????????
?????????????????? 1?? 10??????????
? ??????? 2? ??????? 3? ??????? 4???? 1,024(88%) ? 8,408(90%) ? 3,886(91%)








1?? ? (321) ? (209)
2?? ? (129)
(c) ???????? 4?????
1?? 2?? 3?? 4??
1?? ? (171) ? (119) ? (109)
2?? ? (111) ? (99.7)
3?? ? (156)




3?????????? 1?? 10????????? 90% ?????????? 90% ?
????????????????????????????????????????





















? 3.10: ?????????????????????????????????m =
























??? \Mary"??????????????????\John kicks the ball."??????
?? \kicks"???? \John"?????? \the ball"????????????????


















? 3.11: ??????????????????????BCCWJ????????? (?
? ID:256908)????? (?? ID:258099)????? (?? ID:259670)????? (??
ID:263664)??????????1,798(?? ID:256908)?1,323(?? ID:258099)?1,871(?



















(?? ID:47302)??????? (?? ID:55252)??????? (?? ID:70104)????
?? (?? ID:118680)??????????3,150(?? ID:47302)?1,468(?? ID:55252)?






























































































??????????? hwi = aldia + b???????????????????
S  ldia  hwi; (3.7)
 al2dia + bldia; (3.8)
????????ldia? 2??????????????S  al2dia??dS = 2 aldiadldia
???3.6??????? ??????????????????








































= dhlni+ hlnS0i? (3.10)
??????????????????? S0 = 1?hi????????????????
???????????????????????hlnSdi????? d????????
???



















?? 1?? 2?? 4?? 6


















?????? 0:56x+ 0:59???? 0:30x+ 0:35?
















































































? 4.1: ????????????????? 33,082???????????aLN = 0:78










































50 ? 4? ?????????





























?? 1???????? 4.1??? 2????? 4.2?????? 1?????????
?????????????? 4.4??? 18????????????????????
?????????? 2?????????????????? 4.5??? 2?????
????????????????????????????????????????
?????????????????????? 1??? 2???????????? 2






















? 4.5: ?? 2?????????????????????????????????
??????????????????????
52 ? 4? ?????????














































































? 4.7: ???????????????????? 3?????????????????
???? 25,715??????????????mNB = 11?pNB = 0:48????????
????LN = 2:3?2LN = 0:17??













? 4.8: ???????????????????? 2?????????????????





































? 4.9: ?? 1??????????????????? 7,798????????????











? 4.10: ?? 2??????????????????? 25,284???????????
?????????????????LN = 2:3?2LN = 0:19??













? 4.11: BCCWJ????????????????????????????? 39?





















lnXn+1 = a lnXn + ln1? (4.7)
????Y = lnX;  = ln1????????
Yn = aYn 1 + n; (4.8)

























hY i = ahY i+ hi? (4.9)
??????????

























 1  10  100
??
??????????

















































Yn+1 = aYn + c+ 
0? (4.14)
???? 0????? f(0 = x)??????????????c = hi?0 =    c??








f(y0   ay   c)g(y)dy; (4.16)








































 F [g(a 1y)]a 1; (4.19)
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4.7.1 ??????????Yule-Walker??? (?? 1)
Yule-Walker??????????????AR??????????????????
??????????????????????????????????Yn = aYn 1+?
c = hi?2 = h(   hi)2i?????????????????
hYni = ahYn 1i+ c; (4.29)
hY 2n i = a2hY 2n 1i+ 2achYn 1i+ c2 + 2? (4.30)




hY 2n 1i   hYn 1i2
? (4.32)
c = hYni   ahYn 1i? (4.33)
2 = hY 2n i   a2hY 2n 1i   2achYn 1i   c2? (4.34)
???????????????????????????????????????
?????????????Yule-Walker??????????????????????
62 ? 4? ?????????
????????????????????????????????????????
???????Yule-Walker?????????????????????m?????
??i?????????? fyijg(j ??????0  j  ni) ????m???????
? fy1jg(0  j  n1)?fy2jg(0  j  n2)?  ?fymjg(0  j  nm)?????????













































0 = Yn   aYn 1   c?
= Yn   aYn 1   (1  a)? (4.35)



















lnf2V (1  a2)g+ (yij   ayij 1   (1  a))
2















f(asij 1   sij)(sij 1   asij) + aV (a2   1)g; (4.39)
4.8. ???????????????????? 63
a c 
?? 1 0.59 1.1 0.23
?? 2 0.53 1.1 0.35






f(asij 1   sij)(sij 1   asij) + aV (a2   1)g = 0; (4.40)
V a3   hsij 1sijia2 + (hs2ij 1i+ hs2iji   V )a  hsij 1siji = 0; (4.41)
????
????????? a??????? = c1 a?V = 
2
1 a2 ???????? c? ??
???????
4.8 ????????????????????
?? 1? 2?????????????????????????? 4.3??????



















g(x) ln f(x)dx? (4.42)





64 ? 4? ?????????
?????? ????
????? 29,732 29,074
? 4.4: ??????????????????? 7,367????????????????




? 4.5: ??????????????????? 25,715??????????????
????????????????????LN = 2:3?2LN = 0:17?????????
mNB = 11?pNB = 0:48?????????










































? 4.15: ??????????????????????????????LN = 2:3?
2LN = 0:17?mB = 14?pB = 0:31????????????????????????
















































?? 100??????????????????????? 3,133???????? 968?




























































































Px = p(1  p)x 1???? x = 1; 2;    (A.1)
???????????????????
A.2 ??????





















(m+ k   1)(m+ k   2)    (m+ k   1  (k   1))
k!
;






























1  et(1  p)? (A.8)

























1  et (1  p)	 n? (A.11)
?????????????









































( n)( n  1)    ( n  y + n+ 1)
(y   n)! ? (A.17)
















































g(x) ln f(x)dx: (B.1)





??????????? xi(i = 1; 2;    ; N)?????????????N !1????
N 1
PN
i=1 ln f(xi) !
R
g(x) ln f(x)dx???????????? R g(x) ln f(x)dx???
??PNi=1 ln f(xi)????????????????????????????????





i=1 ln f(xi j )? (?????)














??????????EY ln f(Y j^)????????N 1l(^)??????????B.1??
????????????????????????????????????????
??N 1l(^)?N 1PNi=1 ln f(xij^)?????????????? C ??
C  EX
n








???????N 1l(^)?N 1l(^) + C ?????????EY ln f(Y j^)???????
???????????????????????????C '  N 1k???????
?????????
(??????) = N 1(??????) N 1k; (B.4)
????????k?????????N ?????????? (B.4)???? 2N ??
??????????? (Akaike Information Criterion, AIC)????
AIC =  2(??????) + 2k? (B.5)
??????AIC??????????????????????????
B.3 AIC???
?????? (B.4)???????????? C '  N 1k?? (B.3)???????
76 ? ? B ??????????
????? g(x)??????? f(xj)??????X = (x1; x2;    ; xN )??????































































?????? EY ln f(Y j^(X))?  = 0????? 2????? Taylor??????
































n@ ln f(Y j0)
@






N(^(X)  0)???????? 0???????? J 1IJ 1?????
??????





























































































































































































































































m+ xi   1
xi

+ xi ln p+m ln(1  p); (B.39)














xi   (xi +m)p^
p^(1  p^) = 0; (B.40)
????p^ 6= 0; 1?????
NX
i=1







???? ??????????B.39??????? p? p^?????????
B.5 ????2??????AIC?????
???? 2??????????? Xi?1  i  n??????m?????? Xi
?1  i  m????? 1????? g1(x)?n m??????Xi?m+1  i  n???






g1(x1)g1(x2)    g1(xm)g2(xm+1)g2(xm+2)    g2(xn)
 ln g1(x1)g1(x2)    g1(xm)g2(xm+1)g2(xm+2)    g2(xn)
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?????????????????????? i; j????P (Ai\Bj) = P (Ai)P (Bj)
??????????????????? pij = fijn ; pi = fin ; pj =
fj
n ???
P (Ai \Bj) = pij ; (C.4)
P (Ai) = pi; (C.5)
P (Bj) = pj ; (C.6)
???????????????
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? C.1: ???
B1 B2    Br ?
A1 f11 f12    f1r f1







Ac fc1 fc2    fcr fc
? f1 f2    fr n
??????? i; j???? pij = pipj ?????????????????????
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??????????????????????????? V = fvig????????




?????????????????????????????? 1? 2?? language
network??????????????????????????????
E.1 ??????
????????????????????????????????? (vi1 ; vi2 ;    ; vik)








????giant weakly connected component(GWCC) ? disconnected components ???
????GWCC???????? giant component?????disconnected components?





















? E.1: ??????????? [43]?????
E.2 ?????




???????????????? (degree)?????? k???????? p(k)??
?????????????????????????????????????????
???? (in degree)???? (out degree) ????? E.2????? 1??? k1 = 3??
?? kin;1 = 0???? kout;1 = 3????????? k2 = 2?k3 = 1?k4 = 2?kin;2 = 1?






ki(ki   1)=2 ? (E.1)












kout;i(kout;i   1)? (E.2)
ei??? i???????????????????????????????????
??????????????????????????????
?E.2???kout;1 = 3; kout;2 = 1; kout;3 = 0; kout;4 = 0????? 1?????????
?????????e1 = 1???C1 = 16 ???????????????????????
k1 = 3; k2 = 2; k3 = 1; k4 = 2????? 1; 2; 4??????????????C1 = 13?
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